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MIXING NEW TECHNOLOGY WITH OLD
The Tango Between Solenoid Valves, Hand Expansion Valves and New Automatic Variable Restriction Control Devices
L.F. (Tex) Hildebrand
PSM/RMP Engineer • Wagner-Meinert, Inc.

Solenoid valves have been used as primary on/
off controls for liquid refrigerants since the early
days of modern refrigeration. In the past, sole-
noid valves were placed ahead of hand expan-
sion valves for on/off control for liquid to main-
tain level on a vessel, etc.

Oftentimes, for various reasons, solenoid
valves were placed ahead of automatic ther-
mostatic expansion valves for direct expansion
evaporators.

Hand expansion valves have been used as
the primary means of throttling the liquid flow,
downstream of the solenoid valve, to the point
of use.

Hand expansion valves have undergone sig-
nificant improvement in design during the last
three to four decades and today are much more
capable of performing to the present design
standards as required for modern refrigeration
systems. Some major changes on hand expansion
valves are the throttling methods (slotted plugs
vs needle type; resilient seal for bubble tight
closure, which is not affected by the erosive
effects of the high velocity of throttling; etc).

Solenoid valves in conjunction with hand
expansion valves, though they are truly an on/
off control for liquid feed, closely approximate
modulated control if they are adjusted correctly.
(Adjust for 80 percent on/20 percent off cycle at
design loads; this allows for a slight safety factor).

These design improvements, and others that
were similar, worked generally quite well.

In recent times, the possibilities of system
design have changed dramatically with the in-
troduction of motorized valves or other auto-
matic variable restriction control devices. When

applied downstream of the on/off solenoid
valve, these new devices present many oppor-
tunities for closer modulating control, [the so-
lenoid is held energized while the automatic
variable restriction control device modulates]
but also bring with their use some new, dis-
tinct and potentially damaging possibilities. The
refrigeration designer/engineer must take due
precaution when such applications are to be
implemented in new designs or are encoun-
tered in already executed designs. The plant
refrigeration operator must understand the po-
tential problems and stand ready and able to
troubleshoot the situation and take necessary
actions to correct any deficiencies.

In any refrigeration piping design, it is man-
datory that a point of restriction is installed
downstream of the solenoid valve, since not
having this point of restriction would allow
expansion to take place within the solenoid
valve, which would cause rapid deterioration,
aggravation and untimely destruction of the so-
lenoid valve due to the destructive forces of
flashing and cavitation.

Whenever a solenoid valve is placed ahead
of an automatic variable restriction control
device, such as an automatic variable restric-
tion control device or automatic externally
operated flow control, the following should be
carefully considered to prevent the potential
that the solenoid valve will fail rapidly:

Solenoids from various manufacturers can
be classified into four basic categories (see above).

With the exceptions noted above, a pilot
operated solenoid valve usually requires 1 to 4
psid pressure drop to open completely and re-
main open without chattering. (Check
manufacturer’s rating. Many require 4 psid).

To operate satisfactorily, the solenoid valve
will have to be selected with a flow coefficient
(Cv) slightly greater than the Cv of the auto-
matic variable restriction control device at its
maximum flow adjustment.

For safe operation of the solenoid valve, a
maximum of 10 psid across the valve is sug-
gested by the various valve manufacturers
(assuming there is enough sub-cooling to com-
pensate for this pressure drop while still pre-
venting flashing or cavitation within the sole-
noid valve).

Based on the above statements, if a sole-
noid valve that requires a minimum of 4 psid
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is applied at its maximum rating of 10 psid, to
operate properly the range of possible adjust-
ment of the variable flow control valve is 10/4
or 2.5:1.(This is often referred to as Turn Down
Ratio).

The maximum Cv of the automatic variable
restriction control device will have to be se-
lected based on the flow required by the load,
but at the same time, will have to take into
account the Cv of the solenoid valve selected.

The Cv of the automatic variable restriction
control device, in its fully open position, will
have to be slightly lower than that of the se-
lected solenoid valve (taking into account the
operating delta P of the valve and still prevent-
ing flashing or cavitation).

If the automatic variable restriction control
device is capable of opening to a higher Cv
than that of the selected solenoid valve, the
primary restriction, or point of expansion, shifts
to the solenoid valve and this condition will
cause flashing and/or cavitation at the sole-
noid valve and will result in excessive, prema-
ture damage to, and untimely failure of, the
solenoid valve.

The possible turn down ratio of the auto-
matic variable restriction control device will
almost always be greater than the turn down
ratio of the selected solenoid valve. Therefore,
the electronic controls for the automatic vari-
able restriction control device will have to be
limited to keep the automatic variable restric-
tion control device from operating below the
flow rate or Cv at which the solenoid valve will
no longer be able to remain fully open.

If the automatic variable restriction control
device is capable of closing to a Cv lower than
that which is required to hold the selected so-
lenoid valve fully open, the solenoid valve will
start to chatter and this condition will result in
excessive, premature damage to the solenoid
valve and potentially other parts of the refrig-
eration system.

When there is inadequate sub-cooling of liq-
uid ammonia feeding the solenoid valve, flash-
ing will occur causing additional pressure drop
and a significant increase of volume required
to pass through the solenoid valve, and also
the automatic variable restriction control de-
vice, in order to meet the net load requirements.

(Please note also, the associated decrease in density of the mixture; this will require a higher Cv
selection for both the solenoid valve as well as the automatic variable restriction control device).

When troubleshooting, or looking at the operation of a system, it will be necessary to read
both liquid pressure and temperature at the location of the solenoid valve, while the system is
operating at its expected maximum capacity. To determine whether or not flashing is occurring
consult a pressure/temperature chart.

Oftentimes the results of taking a temperature reading can easily be interpreted incorrectly as
evidence of the existence of considerable subcooling, when, in fact, it is a true indication of
significant pressure loss and flash gas cooling of the remainder of the liquid stream.

EXAMPLE OF A RECENT PROBLEM.

An installation that recently experienced serious solenoid valve failure:

Mixing New Technology With Old
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Situation of this installation was as follows:

• Flooding vessel mounted on stand up on roof above engine room.

• Glycol chiller mounted on floor of engine room.

• Liquid feed – high pressure 950 F condensing (no subcooling).

• Receiver is vertical vessel in engine room.

Issue # 1: Inadequate sub-cooling in liquid supply.
• Fed with High Pressure Liquid from High Pressure Receiver.

• Liquid level is approximate 4 - 5 feet in receiver

Pressure drop calculations 
Item PSIG Loss 
King solenoid at outlet of receiver 4 
Liquid line filters mounted at receiver. 2 
Liquid line (approximately 100 ft) friction loss (2 psig/100 
ft) 

2 

Vertical lift in liquid line: 
Assume net 23ft of lift (actual vertical rise above 
liquid level in receiver) 
23fft/2.31ft/lb/(62.42lb/ft^3/36.67 lb/ft^3)** 

 
 
 
5.84 

Liquid Feed solenoid ahead of Motorized valve 4 
Total Pressure Loss 17.84 

**corrected for refrigerant density at 95ºF. 
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7:30 - 9:30 am

Exhibition Hall Open
Breakfast with Exhibitors

8 am - 2 pm
Registration Open

9:30 am
Exhibition Hall Closes

8 am - 4:30 pm
Area Tour • Optional Paid Activity
Bus loads at Convention Center Lobby

10 am - noon
Complimentary Family Activity
Wild Rose B Miniature Golf Tournament

10 - 11 am
Education Theater
Cocoa Suite 6 Hershey Zoo Presentation

9:35 - 10:40 am
TECHNICAL SESSIONS (1 RETA PDH PER)

Magnolia B Calculation Of Refrigeration
Loads

Magnolia C How To Inspire And Grow
Operators & Technicians

Magnolia A Industrial Refrigeration Fluids -
More Than NH3

Cocoa Suite 3 Process Safety Management
And Contractor Safety -
Ammonia Refrigeration

Cocoa Suite 1 Pump Out Methods &
Better Practices

Cocoa Suite 4 Unseen Causes Of Oil Carry Over
HOT POINT SESSIONS
Cocoa Suite 5 GEA FES Systems, Inc.
Cocoa Suite 2 M&M Refrigeration

10:40 - 11 am
Morning Break

11 am - 12:05 pm
TECHNICAL SESSIONS (1 RETA PDH PER)
Magnolia C Insulation, The Forgotten

Technology
Magnolia B Pipe Corrosion - It’s Not Just

About Rusty Pipe
Cocoa Suite 3 Sensible Applications Of RMP

And CFATS For Ammonia
Refrigeration Facilities

Cocoa Suite 4 Vessel Design, Function And
Operation

Magnolia A You’ve Chosen Your
Maintenance Contractor; Now
What Do You Do?

HOT POINT SESSIONS
Cocoa Suite 5 VRTX Technologies
Cocoa Suite 2 HCR Inc.

11:30 am - 5 pm Education Theater
Cocoa Suite 6 SHOW TIMES

11:30 am — The Amish –
a People of Preservation
Noon — Aristocats
2 pm — Abraham Lincoln
Preserving the Union

12:15 - 2:15 pm
LUNCH • GENERAL SESSION

History Of Refrigeration (1 RETA PDH)
RETA Family Rumble

2:25 - 3:30 pm
TECHNICAL SESSIONS (1 RETA PDH PER)

Magnolia B Air Door Technology
Cocoa Suite 4 Intrinsic Principles Of Evaluations
Magnolia A Mechanical Integrity Inspections
Cocoa Suite 3 Cooling Water: A Broad Over-

view Of Water And Water
Treatment

HOT POINT SESSIONS
Cocoa Suite 5 Ammonia PSM
Cocoa Suite 2 Sampson Community College
Cocoa Suite 1 RETA CIRO and CARO Certification

3:30 - 3:50 pm
Afternoon Break

3:55 - 5 pm
TECHNICAL SESSIONS (1 RETA PDH PER)
Magnolia A Chemical Treatments To Stop

Deterioration
Cocoa Suite 3 Process Safety Management

And Contractor Safety -
Ammonia Refrigeration

Magnolia B Pump Operation And
Maintenance

Cocoa Suite 1 VFDs On Rotary Screw
Compressors:  Efficiency
Selection And Control

Cocoa Suite 4 Troubleshooting Modern
Control Panels

HOT POINT SESSIONS
Cocoa Suite 5 Honeywell Analytics
Cocoa Suite 2 Hansen Technologies

6 - 11 pm
AWARDS BANQUET • CASINO NIGHT
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allow the on/ off device to be selected with
a Cv larger than the maximum Cv of the
automatic variable restriction control de-
vice at its maximum flow position and
there is no longer a need to protect the
on/off device for minimum flow condi-
tions. The automatic variable restriction
control device can be used to its maxi-
mum control turn down ratio in this case.

• Special, or additional, consideration must
be exercised when selecting solenoid
valves and/or automatic variable restric-
tion control devices for a flashing liquid
condition (i.e. the liquid is flashing as it
enters the on/off or automatic variable
restriction control and then continues to
flash). The selection in such an instance
will have to be based on the Cv for the
increased volume of flow and other fac-
tors to match the required net enthalpy
to adequately handle the load.
– Please note: there are no published Cv

calculation guidelines on selecting con-
trol valves for a flashing liquid condi-
tion. The procedure is cut and try. Care-
ful consideration must be given to:

– The increased volume due to the flash gas.
– The decreased density due to the flash

gas.
– And, since the fluid flowing now has

lower net refrigeration effect, more
pounds of fluid will have to be deliv-
ered to meet load conditions.

– These factors all affect the choice of cor-
rect Cv selection of both the solenoid
valve as well as the control valve.


